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Abstract
We investigate the neutralino dark matter in the focus point gaugino mediation
model with the O(100) GeV gravitino. The thermal relic abundance of the neu-
tralino with a sizable Higgsino fraction can explain the dark matter density at the
present universe. The spin-independent cross section is marginally consistent with
the current upper limit from the XENON 100 experiment, and the whole parameter
region can be covered at the XENON1T experiment. We also discuss the origin of
the gluino mass to wino mass ratio at around 3/8, which is crucial for the mild fine-
tuning in the electroweak symmetry breaking sector. It is shown that the existence
of the non-anomalous discrete R-symmetry can fix this ratio to 3/8.
1 Introduction
A gaugino medition model [1] was proposed motivated by Linde’s adiabatic solution to
the Polonyi problem [2, 3]. This gaugino mediation model is very attractive, since the
electroweak symmetry breaking (EWSB) scale can be naturally explained when the ratio
of gluino to wino mass is set at a certain value [4];1 the EWSB scale becomes insensitive to
the gaugino mass scale, i.e., the SUSY breaking scale. This behavior is similar to that of
the focus point scenario [6], where the generated EWSB scale is not affected significantly
by the change of the universal scalar mass m0, provided that m0 is much larger than
gaugino masses.2
In this gaugino mediation model the gravitino mass is assumed to be m3/2 = O(10)
GeV and hence the decay of the next lightest SUSY particle (NLSP) occurs during or
after the Big Bang Nucleosynthesis (BBN) and it destroys light elements produced by
the BBN. Therefore, we have introduced ad hoc R parity violation such that the NLSP
decays into the standard model (SM) particles before the BBN [8]. The assumption of the
light gravitino of mass O(10) GeV is based on the adiabatic solution [3] to the Polonyi
problem; the self-couplings of the Polonyi field and couplings to gauginos are assumed to
be enhanced, inducing large gaugino masses.
However, it has been, recently, found that the Polonyi problem can be easily solved
by a simple extension of the Polonyi superpotential [9] and hence we can introduce the
Polonyi field without causing the cosmological Polonyi problem. Therefore, we do not need
to invoke the adiabatic solution and hence the gravitino mass can be taken as O(100) GeV
mass. In this letter we discuss this new possibility where the gravitino mass is in a region
of 300− 600 GeV.
The reason why we choose the above gravitino mass region is to avoid overproduction
of the gravitino in the early universe (see [10]). The mass region of 300 − 600 GeV is
known to be consistent with the BBN if the reheating temperature TR . 10
6 GeV [10]
which is almost the lower bound of the reheating temperature for the leptogenesis [11, 12].
We first show that we still keep the focus point parameter space where only a quite
1This was also known in a more generic gravity mediation framework [5].
2The focus point behavior is also discussed in a context of high scale gauge mediation models [7].
2
mild fine tuning ∆ . 100 (the definition of ∆ is given later) is required for the electroweak
symmetry breaking even with the gravitino mass of 300− 600 GeV. Second, we point out
that the thermal relic abundance of the bino-Higgsino dark matter (DM) explains the
observed DM density in the focus point region. The mass and the scattering cross section
of the DM is marginally allowed by the XENON100 experiment [13]. Therefore, we can
exclude or confirm the present model in near future DM detection experiments. We also
comment on IceCube experiment, which gives a constraint on the spin-dependent cross
section stronger than that from XENON100 [14]. Finally, we discuss the origin of the
gluino to wino mass ratio at around 3/8, relaxing the fine-tuning in the EWSB sector.
2 The focus point gaugino mediation with m3/2 =
O(100) GeV
In the minimal supersymmetric standard model (MSSM), the electroweak symmetry
breaking (EWSB) can be explained dynamically; the EWSB is triggered by the SUSY
breaking through radiative corrections mainly from top/stop loops. In the focus point
gaugino mediation [4], the EWSB scale can be naturally obtained even when the stop
masses are large as a few TeV and the focus point gaugino mediation is consistent with
the observed Higgs boson mass of around 125 GeV [15, 16] and non-observation of the
colored SUSY particles [17, 18].
The EWSB scale is determined by minimization conditions of the Higgs potential:
m2
Zˆ
2
=
(m2Hd +
1
2vd
∂∆V
∂vd
)− (m2Hu +
1
2vu
∂∆V
∂vu
) tan2 β
tan2 β − 1
− µ2,
(tan β + cot β)−1 =
Bµ
2|µ|2 +m2Hu +m
2
Hd
+ 1
2vd
∂∆V
∂vd
+ 1
2vu
∂∆V
∂vu
, (1)
where mHu and mHd are soft masses of the up-type Higgs Hu and down-type Higgs Hd,
respectively. The radiative corrections to the Higgs potential is denoted by ∆V , and
vu = 〈H
0
u〉 and vd = 〈H
0
d〉 are vacuum expectation values of up- and down-type Higgs,
respectively. Here, mZˆ is the electroweak scale (times gauge coupling) m
2
Zˆ
= (1/2)(g2Y +
g22)(v
2
u + v
2
d), where g2 (gY ) is the gauge coupling of SU(2)L (U(1)Y ). The experimental
value is mZˆ ≃ 91.2 GeV [19]. Note that rather large tanβ(= vu/vd) of O(10) is required
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since otherwise the Higgs boson mass becomes too small. As a result, the size of m2Hu
is more important than that of m2Hd ; mZˆ is approximately written as m
2
Zˆ
≃ −2(m2Hu +
1
2vu
∂∆V
∂vu
)− 2µ2.
The up-type Higgs boson mass at the soft mass scale (usually taken as the stop mass
scale), can be written in terms of the parameters at the high energy scale. In our gaugino
mediation model, we have the gaugino mass parameter at the GUT scale M1/2, the uni-
versal scalar masses m0 and tan β. Here, we consider the case of M1/2 = O(TeV) while
m0 = O(100GeV). The bino, wino and gluino masses at the GUT scale are parameterized
as
(M1,M2,M3) = (r1, 1, r3)M1/2. (2)
The ratios of the gaugino mases, r1 and r3, are fixed by more fundamental high energy
physics. With these GUT scale parameters, the up-type Higgs soft mass squared at the
soft mass scale can be written as
m2Hu(2.5TeV) ≃ −1.197M
2
3 + 0.235M
2
2 − 0.013M1M3 − 0.134M2M3
+ 0.010M21 − 0.027M1M2 + 0.067m
2
0, (3)
using two-loop renormalization group equations [20]. Here, we take tan β = 20 and mt =
173.2 GeV. Notice that m2Hu becomes small for r3 ∼ 0.4. For instance, m
2
Hu(2.5TeV) ≃
−0.006M21/2 + 0.067m
2
0 for r1 = r3 = (3/8); m
2
Hu
is not sensitive to the universal scalar
mass m0, since the coefficient of m
2
0 in Eq.(3) is small and m
2
0 is assumed to be much
smaller than M21/2 in our gaugino mediation model. In Fig. 1, we show the focus point
behavior with different m0. The behavior is almost insensitive to m0 as expected. Here,
renormalization group equations for soft mass parameters are evaluated at the two-loop
level using SuSpect package [21].
The required size of M1/2 is determined by the experimental value of the Higgs boson
mass, m0h ∼ 125 GeV. The contours of the Higgs boson mass and theoretical error ∆mh
are shown in Fig. 2. The Higgs boson mass is calculated by H3m package [22] at the three
loop level. The red (green) lines are drawn with mt = 173.2 GeV (mt = 174.2 GeV),
taking into account a quite large uncertainty of the measured top pole mass as [23, 24]
173.20± 0.87 GeV (Tevatron), 173.3± 1.4 GeV (LHC). (4)
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In addition, we estimated the theoretical error as ∆mh = |m
3loop
h − m
2loop
h |/2, that is
the error of slowly convergent perturbative expansion.3 (The two-loop result m2looph is
evaluated using FeynHiggs [25].) This error is within a range of 0.5 − 3 GeV. Here, we
see that M2(= M1/2) & 3500 GeV can be consistent with the experimental value of the
Higgs boson mass [26, 27, 28, 29]:
124.3 +0.6
−0.5 (stat.)
+0.5
−0.3 (syst.) GeV (ATLAS 4l),
126.8± 0.2 (stat.)± 0.7 (syst.) GeV (ATLAS γγ),
125.8± 0.5 (stat.)± 0.2 (syst.) GeV (CMS 4l),
125.4± 0.5 (stat.)± 0.6 (syst.) GeV (CMS γγ). (5)
Notice that the Higgs boson mass is about 1GeV larger than the universal gaugino mass
case for the fixed gluino mass, because the induced tri-linear coupling of stops is relatively
large.
Now, we consider the sensitivity of the EWSB scale by M1/2. We take the fine-tuning
measure as [31] 4
∆ = max(∆µ0 ,∆M1/2), ∆a =
∣∣∣∣∂ lnmZˆ∂ ln a
∣∣∣∣ , (6)
where µ0 is the Higgsino mass parameter at the GUT scale. The sensitivity of µ0 is
approximately given by
∆µ0 ∼
2µ2
m2Z
. (7)
This is because µ is a SUSY invariant parameter and it is rather stable under radiative
corrections. Notice that we can neglect ∆m0 (see Eq.(3)). In Fig. 3, the contours of ∆
and the Higgsino mass parameters are shown. The change of the bino mass parameter
does not affect ∆ so much. We find that the Higgsino mass is smaller than 500 GeV for
almost all region with ∆ < 100, and hence, it can be discovered at the ILC.
3This measure is suggested in Ref. [30]. Here, we do not include the uncertainty of the top mass in
∆mh.
4The fine-tuning with respect to the Higgs B-term is suppressed as ∼ (1/ tan2 β)∆µ, which is negligible
for large tanβ.
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Figure 1: m2Hu for different m0 in the unit of (TeV)
2 as a function of the renormalization
scale. The Wino masses are taken as M1/2 = 6, 5, 4, 3 and 2TeV (from top to bottom).
Here, tanβ = 20, M3/M2 = 0.39, M1/M2 = 0.4 and µ < 0. The SM parameters are taken
as mt = 173.2 GeV and αS(mZ) = 0.1184. In the lower two panels, the regions near the
weak scale are magnified.
3 Mixed DM of Bino and Higgsino
In our gaugino mediation model, the bino-like lightest neutralino can be a candidate for
DM; The small ∆ . 100 requires the light Higgsino as shown in Fig. 3. Here, the wino is
as heavy as gluino. On the other hand, the bino mass can be taken small keeping ∆ . 100
as long as r1 ∼ 0.1. There are two typical regions where the thermal relic abundance of
the lightest neutralino χ01 can explain the observed value: large enough Higgsino fraction
or coannhilation with stau.
The relic abundance of the lightest neutralino is calculated using micrOMEGAs [32] and
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Figure 2: Contours of the Higgs boson mass (left panel) and ∆mh (right panel) in the
unit of GeV. The red (green) lines drawn with the top mass of mt = 173.2 GeV (174.2
GeV). Here, αS(mZ) = 0.1184.
it is required to satisfy the experimental value [19]
ΩCDMh
2 = 0.111± 0.006 (1σ), (8)
where h is the normalized Hubble parameter at the present universe. The contours of ∆
and the blue strips where the relic abundance of the lightest neutralino is Ωχ0
1
h2 ≃ 0.11 are
shown in Fig. 4 and 5 for different r3 and m0. On the blue strips close to the regions where
the stau is LSP, the stau-neutralino coannihilation is effective to reduce the abundance,
other viable regions are simply due to the sizable Higgsino fraction.
In the case that χ01 has a large enough Higgsino fraction, the cross section between the
neutralino and nucleon tends to be large and a part of the parameter space is already ex-
cluded by the XENON100 experiment. When the abundance of the neutralino is reduced
by the coannihilation mechanism with a stau, the fraction of the Higgsino is somewhat
small. However, the mixing between the bino and Higgsino is still sizable and can be
covered by XENON1T experiment [33].
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3.1 XENON 100
The region where the χ01 has a large Higgsino fraction is severely constrained by the
direct detection experiment. The sizable mixing induces large contributions to the spin-
independent (SI) cross section via Higgs boson mediated diagrams. The most stringent
constraint on the SI cross section is obtained from XENON100 experiment. The upper
bound of the SI cross section is (approximately) given by [13]
σSI . 4.0× 10
−45 cm2
( mχ0
1
200GeV
)
, (9)
for mχ0
1
& 100GeV at 90% confidential level. Here, mχ0
1
is the mass of the lightest
neutralino.
In Fig. 4, we show the contours of the SI cross sections in the unit of 10−45 cm2. In the
calculation, we use micrOMEGAs package and the strange quark content of the neucleon
is taken as fs = 0.009 which is the result of the recent lattice calculation [34]. With
fs ≃ 0.26 (default value of the micrOMEGAs), the SI cross section becomes about twice as
that with fs = 0.009. In the regions where the masses of the stau and neutralino are not
degenerated, the SI cross section is marginally consistent with the current experimental
bound from the XENON100. In the region where the coannihilation takes place, the cross
section is somewhat smaller and the current bound can be avoided easily, but the cross
section is still large due to the non-negligible mixing between the bino and Higgsino. At
the XENON1T experiment, the sensitivity is expected to improve two order of magnitude
with 2 years operation [33], and the whole regions consistent with the observed dark
matter abundance will be covered. Note that in the region where the mass difference is
smaller than the tau mass, the life-time of the stau is long and can be detected at the
LHC using charged track [35].
The XENON100 experimental data also constrains the spin-dependent (SD) cross
section [36]. However, more stringent constraint comes from IceCube experiment.
3.2 IceCube
The high energy neutrino flux is induced by the neutralino anihilation in the Sun. This
neutrino can be detected by IceCube experiment, and due to the absence of positive
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signals, the size of the neutralino-necleon scattering cross section determining the capture
rate in the Sun is bounded from above. The current bound of the SD cross section between
the proton and neutralino is given by [14]
σSD . 10
−40 cm2 for mχ0
1
= (100− 500)GeV, (10)
where the neutralinos annihilate into W+W−, exclusively. In our case, the neutralinos
dominantly (but not exclusively) annihilate into top pairs apart from the coannihilation
region, and the constraint is close to Eq. (10) [37].
In Fig. 5, the contours of the SD cross section are shown in the unit of 10−41 cm2. In
the case ofM1/M2 = 0.37, the region with small ∆ ∼ 30 is likely to be close to the current
exclusion bound. Such a very low ∆ region is expected to be covered in near future. In
the case M1/M2 = 0.38 and M1/M2 = 0.39, the constraint can be avoided easily in most
parameter space consistent with Ωχ0
1
h2 ≃ 0.11.
4 Conclusions and discussion
The focus point gaugino mediation model withO(100)GeV gravitino is consistent with the
observed Higgs boson mass with the mild fine-tuning. We have shown that the thermally
produced bino-like neutralino can explain the present dark matter density. The scattering
cross section between the neutralino and neucleon is rather large as a consequence of
the sizable Higgsino fraction, and hence, some of the region is already excluded by the
XENON100 experiment. The other regions are also expected to be tested at the future
dark matter experiments such as XENON1T and IceCube.
Finally, let us discuss the ratio of the gluino mass to wino mass,M3/M2 = 0.37−0.38 ∼
3/8, which is crucial for the mild fine-tuning of ∆ . 100. As shown below, this gaugino
mass ratio can be obtained as a result of more fundamental physics. Suppose that there
exists a non-anomalous discrete R-symmetry ZNR in the more fundamental theory and
the present model is its low-energy effective theory. The mixed gauge anomalies ZNR–
SU(2)–SU(2) and ZNR–SU(3)–SU(3) in the present model are given by [38, 39]
A2 = 4 + ng (3 · r10 + r5¯ − 4) + (ru + rd − 2),
A3 = 6 + ng (3 · r10 + r5¯ − 4), (11)
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where ru(rd) is ZNR charge of Hu(Hd). The charges of (Q, U¯, E¯) are denoted by r10 and
those of (D¯, L) are r5¯. The number of the generations is set to be ng = 3. The Yukawa
terms in the superpotential should be consistent with ZNR, gives additional constraints
as 5
ru + 2r10 = 2 mod N, rd + r10 + r5¯ = 2 mod N. (12)
By using above conditions, A2 and A3 become
A2 = 4− ng (ru + rd) + (ru + rd − 2) mod N,
A3 = 6− ng (ru + rd) mod N. (13)
Requiring that µ term is generated by Giudice Masiero mechanism [40] or R-breaking
mechanism [41], we get ru + rd = 0 mod N (and ru + rd 6= 2). As a result, mixed gauge
anomalies become
A2 = 2 mod N, A3 = 6 mod N. (14)
We suppose that these anomalies are cancelled by a shift of the imaginary part of the
Polonyi field Z. The relevant terms are given by
k2
32pi2
∫
d2θ
Z
M∗
(W aα)2(W
aα)2,
k3
32pi2
∫
d2θ
Z
M∗
(W aα)3(W
aα)3, (15)
where (W aα)2 and (W
a
α)3 consist of SU(2) and SU(3) vector multiplets, respectively. The
mass scale M∗ is determined by the fundamental theory (e.g., M∗ ∼ 10
16 GeV). Here,
we assume that Im(Z/M∗) transforms as Im(Z/M∗)→ Im(Z/M∗)+ (2pil
′/N) under ZNR,
while a fermionic component of a chiral super field transforms as ψi → ψi exp [i(ri −
1)(2pil′/N)] (l′ is an integer and ri is a ZNR charge with i = 10, 5¯, Hu, Hd). Then, the
conditions for anomaly cancellation are written as
2 + k2 = 0 mod N, 6 + k3 = 0 mod N. (16)
Let us now assume even number of N , since otherwise the R-parity is broken by the
constant term of the superpotential [42] and see if the ratio of the gluino mass to wino
5The seesaw mechanism can be consistent with ZNR. The required conditions are r1 + ru + r5¯ = 2
and 2r1 = 2, where r1 is the ZNR charge of the right-handed neutrino superfield.
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mass M2/M3 = k2/k3 = 8/3 can be obtained. In the minimal case Z4R, solutions which
satisfy the condition k2/k3 = 8/3 are given by
k2 = 2 + 4n = 8l, k3 = 2 + 4m = 3l, (17)
where n, m and l are integers. Because of the condition for k2, there is no solution in
Z4R. The next minimal case is Z6R and solutions in this case are given by
k2 = 4 + 6n = 8l, k3 = 6m = 3l. (18)
We see a solution n = 2, m = 1 gives the desirable gaugino mass ratio M2/M3 = k2/k3 =
8/3. It is very surprising that the minimal and non-trivial solution (m 6= 0) is found. These
non-universal gaugino masses may be consistent with the product group unification [43].
It might be interesting to know that the desirable ratio can be obtained also when the
wino mass and gluino mass are simply proportional to M1/2/dim(Gi). Here, dim(G2)
(dim(G3)) is a dimension of an adjoint representation of SU(2) (SU(3)). We will discuss
such more fundamental theories in a future publication.
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Figure 3: The Higgsino mass parameter in the unit of GeV (green) and ∆ (red). Here,
m0 = 500GeV and tanβ = 20. In the gray shaded regions, the EWSB is unsuccessful.
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Figure 4: SI cross section in the unit of 10−45 cm2. The neutralino mass is shown as
solid magenta line. The blue solid line corresponds to Ωχ0
1
h2 ≃ 0.11. In the gray shaded
regions, the EWSB is unsuccessful or the stau is the LSP.
16
10
6
4
2
No
 EW
SB
stau LSP
 0.1
 0.15
 0.2
 0.25
 0.3
 0.35
 0.4
 3000  3200  3400  3600  3800  4000
M
1/
M
2
M2 (GeV)
300
200 120
30
7050
10
6
 0.1
 0.15
 0.2
 0.25
 0.3
 0.35
 0.4
 3000  3200  3400  3600  3800  4000
M
1/
M
2
M2 (GeV)
10
6
4
300
200 120
30
7050
10
6
4
 0.1
 0.15
 0.2
 0.25
 0.3
 0.35
 0.4
 3000  3400  3800  4200  4600  5000
M
1/
M
2
M2 (GeV)
1
400
300
200
70 10050
2 4
2
 0.1
 0.15
 0.2
 0.25
 0.3
 0.35
 0.4
 3000  3400  3800  4200  4600  5000
M
1/
M
2
M2 (GeV)
400
300
200
70 10050
6
1 10
 0.1
 0.15
 0.2
 0.25
 0.3
 0.35
 0.4
 3000  3500  4000  4500  5000  5500  6000
M
1/
M
2
M2 (GeV)
2
4
400
300
200
500
70 70 100 150
6
 0.1
 0.15
 0.2
 0.25
 0.3
 0.35
 0.4
 3000  3500  4000  4500  5000  5500  6000
M
1/
M
2
M2 (GeV)
2
1
M
1/
M
2
500
400
300
200
70 70 100 150
6
10
4
Figure 5: SD cross section in the unit of 10−41 cm2. The neutralino mass is shown as
solid magenta line.
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